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Objectives: The Objective of the study is to evaluate the
effect of Ilizarov frame fixation on functional outcome in
aseptic tibial non-union cases.
Methods: In this clinical study, 12 cases of post-
traumatic aseptic tibial non-union were selected. After
blood analysis and clinical assessment, the aseptic
nonunion cases underwent ilizarov fixation for their
problem. The pre and post-surgery functional outcome
was measured by modified functional evaluation system
by Karlstrom-Olerud.
Results: Out of the 12 patients, 3 females and 9 males, 5
had non-union of type A and were treated by compres-
sion technique. the other 7 had non-union of type B and
were treated using bone-transport. Tibial union was
achieved in all the cases. The functional outcome has
shown 4 good, 2 satisfactory, 4 moderate and 2 poor.
Conclusion: The Ilizarov technique is an effective method
in treating the aseptic tibial non-union.
Keywords: Aseptic; Functional; Ilizarov; Nonunion; Tibial
 2014 The Authors.
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Ilizarov fixator is an external fixation device used in or-
thopedic surgical procedure to lengthen or correct the
angular deformities in limb bones, to treat compound or
open bone fractures and infected non-union fractures.1
Tibial fracture is one of the most common in the long bone
of the body. High-energy collisions, such as road traffic ac-
cidents or motorcycle crashes and gunshot injuries, are
common causes of tibial shaft fractures. Non-union or
delayed union is a common complication of tibial fracture
and indicates that the fracture did not heal in a timely
fashion.2 Factors that predispose to non-union are severity
of injury, comminuted fracture, fractures in the distal third of
tibial shaft, an open fracture, infection, open reduction and
insufficient immobilization.3
Treatment options for tibial non-union are extracorporeal
shock wave therapy,4 low intensity pulsed ultrasound,5
electrical stimulation,6 functional cast bracing,7
intramedullary nailing,8 exchange reamed nailing,9 plate
fixation,10,11 and external fixation with bone graft.12
According to the classification of Paley, fracture non
unions are divided into type A and type B.13 In type A
there will be bone loss of less than 1 cm and in type B
there will be bone loss of more than 1 cm. The orthopedic
management was usually as per the type of defect. Type A
can be managed with reamed exchanged nailing.14 Type B
requires additional bone grafts or bone graft substitutes in
addition to reamed exchange nailing15 or Ilizarov external
fixator and bone transport or vascularized fibular graft and
lengthening over a nail.16,17
The Ilizarov external fixator is best indicated for tibial
fractures, because of its advantage of allowing early weight
bearing.18 A Large amount of literature supports the use of the
Ilizarov external fixator where large defects can be
reconstructed by compression-distractionorbybone transport.
The current study aims to see the effect of Ilizarov frame
fixationonfunctional outcome in aseptic tibial non-union cases.Materials and Methods
This prospective study was conducted in the Department
of Orthopedic Surgery at Aseer Central Hospital in Abha,
Kingdom of Saudi Arabia. Ethical clearance was taken from
hospital ethical committee. The patients were selected and
treated between June 2011 to February 2013.Patients having
a septic tibial nonunion with no signs of clinical, radiological
and biomechanical evidence of infection and bone defect up
to 12 cm were included in the study. Patients with history of
other injuries, those aged above 50 or under 13, and those
suffering from rheumatoid arthritis, diabetic mellitus, and
fracture in the other limb were all excluded from the study.
After fulfilling the inclusion and exclusion criteria, 12
patients (9 males and 3 females) aged between 14 and 50 were
enrolled as study subjects based on clinical findings along
with erythrocyte sedimentation rate, C-reactive protein levels
and tissue culture reports. The patients pre-operative X-rays
and functional assessment were done using modified func-
tional evaluation system by Karlstrom-Olerud19. After
general anesthesia or spinal anesthesia, patients underwent
standard circular method of Ilizarov frame fixation. After alatency period of 10e14 days, the lengthening was started
for compression technique.
The compression technique was used when there is hy-
pertrophic nonunion with no shortening or shortening less
than two centimeters. The compression of the fracture was
done by moving the rings together and compressing the
fracture site and maintaining the ring until radiological evi-
dence of union is seen.
Compression and distraction technique was used when
the hypertrophic nonunion showed bone shortening of more
than two centimeters. In this method, we have compressed
the both ends of the fracture for 10e14 days and then
distracted the compressed site slowly at the rate of 0.25 cm
every six hours or 1 cm per day.
Bone transport technique is used in cases of oligotrophic or
atrophic nonunion with bone shortening of more than two
centimeters. In this method, the patient will be kept on a
circular frame and corticotomy is usually done in the meta-
physis to ensure good regeneration. The aim is tomobilize the
middle segment, and lengthening will be done through the
corticotomy site. Both ends of the fracture segment approx-
imation are called docking, usually iliac crest bone grafting
was done in this region. The frame would remain in this po-
sition until there is a radiological evidence of bone union.
All patients were operated on by the same orthopedic
surgeon using the standard Ilizarov fixator technique.
Immediately after surgery, X-rays and clinical assessment
were done. Physical Therapy was started as soon as the pa-
tient was comfortable, and gentle active assistive exercises
and active exercises were done for ankle and knee within the
pain free ranges. Weight bearing on affected leg was pro-
gressively increased from toe touching to full foot touching
in the first week. After the first week walking was initiated
with partial to full weight bearing as per patient tolerance.
Isometric quadriceps exercise and gentle knee mobilization
were started up to the available range within the first week. In
the first few days after surgery, patients were on oral anal-
gesics. Prophylactic antibiotics and wound care were strictly
followed to prevent any further problems.
Patients were educated and properly trained on how to
wash fixator and pins and were discharged from the hospital
ward when they started walking with partial weight bearing
and were able to go to the toilet independently They were
then followed up in the outpatient department, first on a
weekly basis and then twice a month. The fixators were
removed by admitting the patients for day surgery care. After
the removal of the fixators, patients received physical therapy
and were dispensed above or below the knee braces to use for
the duration of 4 weeks. The patients were allowed to walk
with full weight bearing, and after 5 weeks of regular physical
therapy, functional scoring with modified functional evalu-
ation system by Karlstrom-Olerud was performed again.
Statistical package for social sciences version14wasused to
analyze the data. Patients’ characteristics were analyzed with
descriptive statistics and different properties of aseptic tibial
non-union were correlated by Pearson correlation coefficient.Results
12 patients aged between 14 and 46 participated in this
study nine of whom were males and three were females; six
Table 1: Patient characteristics.
Patient features Values
Gender 9 males and 3 females
Age 14 years minimum and 46 years
maximum & average age 30.66 years
Side of fracture 6 fractures on right side and 6
fractures on left side
Cause of injury 3 due to gunshot, 1 fall from height
and 8 due to RTA
Duration of
nonunion
Minimum 8 months and maximum
14 months & average 11.08  2.07
months
Average bone defect Minimum 2 cm and maximum 12 cm
& average 4.42  2.97 cm
Duration in frame Minimum 6 months and maximum
15 months & average 10.83  2.86
months
Technique used 5 cases with compression, 5 cases
with bone transport, 2 cases with
compression and distraction
Note: RTA e Road Traffic Accident, cm e centimeter.
Effectiveness of ilizarov frame fixation218presented right side fractures and six left side fractures. They
all suffered from an average duration of nonunion of 11.08
months, and the average bone defect was 4.42 cm and
average duration in the frame was 10.83 months. Out of these
12 patients, five were treated with compression, five with
bone transport and two with compression and distraction.
The complete details of all the patients’ characteristics are
provided in the Table 1.
All the patients included in this study had a union of their
non-united fractures even though two patients had shown
poor outcome on the functional scale. The duration of time
the patients remain in the frame indicates the healing time of
the patients because they were kept in the ring until complete
union was seen radio graphically. The minimum duration of
time that the patients spent in the frame was 6 months and
maximum duration was 15 months.
Out of the 12 patients, 10 patients showed moderate to
good functional recovery on modified functional evaluation
system by Karlstrom-Olerud as shown in Table 2. Clear
explanation about the functional outcome along with the
scoring criteria was given in Appendix 1. Figure 1 shows
an example of nonunion healing on X-ray. The X-ray
belongs to a male patient whose age was 38 years and hadTable 2: Pre and post values for final scoring system for
modified functional evaluation system by Karlstrom-Olerud
S. no Pre Post
1 Moderate Good
2 Poor Satisfactory
3 Poor Satisfactory
4 Poor Moderate
5 Moderate Good
6 Poor Moderate
7 Poor Good
8 Poor Moderate
9 Poor Good
10 Poor Moderate
11 Poor Poor
12 Poor Poora fracture due to a road traffic accident. He was treated
with bone transport and showed a good recovery on X-ray
and on functional outcome.
Table 3 shows the relationship between the different
dependent and independent variables. It is inferred that the
relationship between age and duration of non-union has a
significant correlation coefficient value of R score which was
0.724. Age of the patient also had a significant correlation
with a duration in the Ilizarov frame with R score 0.661. The
relationship between average bone defects and duration in
the frame has a significant correlation coefficient of
maximum R score in the study with a value of 0.792. The
complete correlations are shown in Table 3.Discussion
The aim of this study is to see the effect of Ilizarov fixation
on the functional outcome in aseptic tibial nonunion frac-
tures. The study showed improvements in functional out-
comes before and after the Ilizarov fixation and showed
Ilizarov is one of the effective methods of treatment. Many
studies have shown similar results of good healing in tibial
nonunion cases.20e24
Khan et al.22 studied 58 patients with tibial nonunion,
who were treated with Ilizarov fixator. More than 70% of
their cases showed good and excellent radiological union
and more than 80% of the cases showed good
improvements in function. Our study has shown similar
findings as almost all the cases showed complete union and
more than 80% of cases showed improvements in function.
Richmond et al.25 studied 32 non unions of distal tibia
treated by reamed intramedullary nailing. They showed 29
patients out of 32 had achieved union at an average of 3.5
months after reamed, locked intramedullary nailing. In our
study all the 12 cases of aseptic nonunion had complete union.
Biren et al.26 had done a review on the use of locking
compression plates for long bone nonunion without
removing existing intramedullary nails. They had a total of
11 patients all of whom showed radiological union at an
average of 6.2 months and no complications were
encountered.
In our study, we have gone a step forward to prove that
quality of life is also improved along with the healing, which
improves the overall functional capacity of patients. The
improvements in this study can be hypothesized due to the
strong basic principles of the Ilizarov method that this
technique provides preservation of the blood supply and
osteogenic tissue with complete anatomic reduction and
stable fixation which enables the patient for functional ac-
tivity of the muscles and joints with early mobilization.27
In our study, we have seen a positive correlation between
age and duration of nonunion and the duration in the Ili-
zarov frame. This is quite logical given the fact that as age
increases, is the risk of osteoporosis and poor blood circu-
lation increases too, which may make the healing difficult to
achieve. Another important finding is the relationship be-
tween average bone defect and duration in frame which also
shows a very high correlation coefficient. This is also
acceptable because the distraction process is slow and re-
quires time for the formation of bone so the duration is
longer in the frame.
Figure 1: X-ray of 38 years old male patient with tibial nonunion pre and post Ilizarov fixation using bone-transport.
Table 3: Correlation values of various parameters.
Age of the
Patient
Site of
Fracture
Previous
Surgery
Duration of
Non-Union
Average
Bone Defect
Duration
in Frame
Age of the patient 1.000
Site of fracture 0.474 1.000
Previous Surgery 0.413 0.324 1.000
Duration of Non-Union 0.724* 0.291 0.206 1.000
Average Bone Defect 0.475 0.279 0.125 0.350 1.000
Duration in Frame 0.661* 0.389 0.377 0.373 0.792* 1.000
Correlation significance values *R ¼ >0.50.
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function, both of whom had difficulty attending rehabilita-
tion regularly because they lived very far from the hospital.
One of these patient, was a 40 year old who had suffered a
gunshot injury with a bone defect of 6 cm; he was treated with
bone transport and time of union was 14 months. The other
patient was 46 and had been injured in a road traffic accident
with a bone defect of 10 cm treated with compression and
distraction and spent maximum time (15 months) in the ring.
We were able to decrease the predicted morbidities of
Ilizarov fixation like pain28 and stiffness in most cases by
early physical therapy strategies. Despite the bulky
apparatus, the unusual cosmetic look and the prolonged
periods in the frame the advantages certainly outweighed
the disadvantages for the patients.
Our study has some limitations in terms of wide de-
mographic aspect of the group with unequal gender numbers
and the absence of a control group. In future, well-designed
randomized controlled trials should make our evidence more
concrete.
Conclusion
We conclude that in patients with aseptic tibial nonunion,
the Ilizarov technique is a safe and effective technique to
improve their functional capacity and to promote complete
union.Recommendations
According to this study, we have seen good healing of
nonunion in aseptic tibial nonunion by using Ilizarov fixa-
tion along with improvements in the daily activities.
We highly recommend this Ilizarov fixation procedure in
aseptic tibial nonunion cases to improve the functional ca-
pacities of the patients.
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Appendix 1
Modified Functional Evaluation System by Karlstrom-
OlerudS.
no
Measures 3 points 2 points 1 point
1 Pain No Little Severe
2 Difficulty in
walking
No Moderate Severe
Limp
3 Difficulty in
stairs
No Supported Unable
4 Difficulty in
previous sports
No Some sports Unable
5 Limitation at
work
No Moderate Unable
6 Status of skin Normal Various
colors
Ulcer/
Fistula
7 Deformity No Little, up
to 7
Remarkable,
>7
8 Muscle atrophy <1 cm 1e2 cm >2 cm
9 Shorter lower
extremity
<1 cm 1e2 cm >2 cm
10 Loss of motion
at knee joint
<10 10e20 >20
11 Loss of Subtalar
motion
<10 10e20 >20Final scoring system for Modified Functional Evaluation
System by Karlstrom-OlerudExcellent 33 Points
Good 32e30 Points
Satisfactory 29e27 Points
Moderate 26e24 Points
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